Enhanced IFNgamma production in adenosine-treated CHO cells: a mechanistic study.
Adenosine causes growth arrest in recombinant mammalian cell cultures, which results in enhanced productivity of the recombinant protein. Adenosine is also known to increase intracellular ATP level when added to mammalian cells. As a cell's energy level affects its protein expression capacity, we investigated the factors that contribute to the increase in recombinant protein productivity. Chinese hamster ovary (CHO) cells expressing human interferon-gamma (IFNgamma) were treated with 1 mM adenosine on Day 2 of culture. The growth arrest resulted in 60% reduction in integral viable cell density when compared with control. However, IFNgamma titer improved 1.4-fold alongside a 2.5-fold increase in average specific productivity. The adenosine-treated cells also experienced a two-fold increase in ATP level that sustained for 3 days. Western blot studies revealed a relatively short-lived but strong activation of the energy sensor AMP-activated protein kinase (AMPK) in adenosine-treated cells. Activation of AMPK was probably due to adenosine being temporarily converted to AMP. Activated AMPK should have down-regulated protein translation by preventing mammalian target of rapamycin (mTOR) from phosphorylating and inactivating 4E-binding protein 1 (4E-BP1), a key repressor of protein translation initiation. However, Western blots showed increased phosphorylation of 4E-BP1 on Day 2 that lasted 3 days. This implied that a high concentration of ATP could keep 4E-BP1 inhibited, probably by directly modulating mTOR. This corroborated with an earlier in vitro observation (Dennis et al., Science. 2001;294:1102-1105). Inhibition of translation initiation repression is thus likely to contribute in part to the improvement in IFNgamma-specific productivity and titer.